abstract BACKGROUND: Language barriers are associated with poor health care outcomes, and barriers exist for timely in-person interpretation. Although available on-demand, telephonic interpretation remains underutilized. This study evaluates whether a quality improvement (QI) intervention was associated with rates of interpretation and parent-reported language service use at a children's hospital.
Increasing numbers of patients and families report having limited English proficiency (LEP). 1 Language barriers in the health care setting are associated with increased cost, 2 decreased satisfaction 3, 4 and adherence, 5, 6 variation in testing and diagnosis, 2, 7 and increased serious adverse events. [8] [9] [10] [11] Both in-person and telephonic professional medical interpretation effectively mitigate the risks associated with language barriers, [12] [13] [14] but underutilization of professional interpreters is widespread. [15] [16] [17] [18] [19] Many providers choose to "get by" with nonproficient language skills, 20 Dr Lion conceptualized and designed the study, performed the analyses, and drafted the manuscript; Dr Ebel assisted with study design, participated in analysis planning and interpretation, and reviewed and critically revised the manuscript; Ms Rafton and Ms Hencz contributed to study design and reviewed and provided critical input on the manuscript; Dr Zhou provided critical input on study design and analysis, and reviewed and revised the manuscript; Dr Mangione-Smith participated in study design, contributed to analytic planning and interpretation of results, and critically revised the manuscript; and all authors approved the final manuscript as submitted. Accepted for publication Sep 23, 2014 saw families with LEP reported using no professional interpretation. 15 The reasons for underuse are multifactorial and, at the system level, involve organizational culture, lack of investment in interpretation, inconsistent identification of language need, and inadequate clinician training. 21, 22 At the encounter level, provider decision-making includes considerations of their own and the patient's or family's language proficiency, convenience, and the expected complexity of the clinical encounter. [23] [24] [25] Unfortunately, clinicians do not reliably assess their own proficiency, 24 and a priori decisions about an encounter's complexity necessarily account only for the clinician's agenda, not the family's. In addition, some families, not accustomed to being offered professional interpretation, bring untrained friends or family members to interpret. This practice of ad hoc interpretation, while embraced by many clinicians for convenience, 22 is associated with increased risk for miscommunication and patient harm. [26] [27] [28] Telephonic interpretation is available on-demand, is less expensive than in-person interpretation, and is accessible in numerous languages. In 2011, a Rapid Process Improvement Workshop was conducted at Seattle Children's Hospital (SCH) to develop a multifaceted quality improvement (QI) intervention with the goal of increasing inpatient telephonic interpreter use. The primary objective was to increase rates of telephonic interpretation for LEP families of hospitalized children, while maintaining or improving overall interpretation rates. Secondary objectives were to decrease parent-reported delays in care associated with waiting for an in-person interpreter, and to improve parent-reported use of professional interpretation by medical providers.
METHODS

Setting
This QI intervention and evaluation were conducted at SCH, a large children's hospital in the Pacific Northwest. In 2012, 16% of hospitalized children were from families with LEP. Fifty-six percent of those spoke Spanish; the next most common languages were Somali, Vietnamese, and Russian. Language need was assessed at hospital registration by asking what language the parents or caregivers prefer for medical communication. This registration question replaced the previous question, regarding primary language spoken at home, in July 2011, shortly before the QI intervention. All clinic schedulers and hospital registration staff were trained to ask the new question of all families at every encounter. The preferred language for care was recorded in the patient electronic medical record (EMR). Given that most individuals who prefer a nonEnglish language for medical care have LEP, 29 we refer to these families as LEP in this article. The hospital employed 21 professional in-person interpreters and contracted with agencies for in-person language services when needed. Telephonic interpreter services in .100 languages were available in every hospital room 24 hours per day. Most rooms were already equipped with dual handsets and 1-touch dialing. All interpretation services were provided at no cost to families. New physicians and nurses were instructed in the use of in-person and telephonic interpreters, with the stated expectation that all medical communication occur in the family's preferred language. Provider language proficiency assessment with a validated program was being pilot-tested with select providers beginning in early 2011, 6 months before the intervention. The program was formally implemented in October 2012 (toward the end of the postintervention period) and included a policy requiring providers and staff not passing the language proficiency test to use professional interpretation for medical communication. This program and policy were adopted to comply with the federal mandate requiring that institutions ensure the linguistic competence of those providing medical care in nonnative languages. 30 Previous research has demonstrated such testing may prevent potentially dangerous nonproficient clinical language use. 20, 31 Despite their availability, language services at SCH remained underutilized. From 2010 to 2011, over 40% of LEP patients received fewer than 2 professional interpretations per hospital day. Families with LEP who spoke languages other than Spanish were less likely to have access to prompt in-person interpretation, and had a nearly 80% lower odds of meeting that standard compared with Spanish speakers.
Intervention
The QI intervention was developed during a 5-day Rapid Process Improvement Workshop. These workshops are structured events conducted through the hospital Continuous Performance Improvement Department and are based upon the Toyota Lean methodology. 32 Multidisciplinary participant teams map the current process, identify barriers and redundancies in the system, develop an intervention, and plan a rapid implementation process with specific evaluation metrics.
The design workshop was conducted in August 2011, and the intervention was implemented from August through December 2011. The intervention consisted of targeted education, institution-wide media, EMR alerts, and telephone equipment upgrade and standardization throughout the hospital (Fig 1) . The multifaceted approach sought to educate providers and decrease barriers to telephonic interpreter use. Education was delivered by Interpreter Services staff at division meetings for physicians, nurses, residents, and support staff. These 10-minute interactive sessions emphasized the importance of using professional interpretation without delaying care, and demonstrated access to telephonic interpretation. During the same period, a series of articles with the theme "Don't Wait, Communicate!" were posted on the hospital intranet homepage, and links to the articles were emailed to all personnel. The articles highlighted the importance of using telephonic interpretation to communicate with LEP families immediately, rather than delaying care by waiting for in-person interpretation. This message was reinforced with a time-limited alert in the EMR. Over a 3-month period, anyone who ordered in-person interpretation received an alert recommending the use of telephonic interpretation for brief or timesensitive communications, and reminding them how to access telephonic interpretation. Telephone interpretation equipment and signage were revamped and standardized throughout the hospital to ensure that 1-touch dialing was clearly marked. An inspection ensured that dual handsets were installed and functioning properly in each room.
Data Collection
The evaluation aimed to determine the intervention impact on (1) overall and telephonic interpreter use, and (2) family-reported receipt of language services and delays in care. Data sources are described below by objective. For analyses, the preintervention period was August 2010 to July 2011; the intervention period was August to December 2011; and the postintervention period was January to December 2012.
Interpreter Use
The analysis included all interpretations for LEP families whose children were hospitalized on a medical or surgical unit between August 2010 and December 2012. Interpreter use data were compiled from orders placed for in-person interpretation and invoices for telephonic interpretation. Each time-and date-stamped interpretation encounter was linked to the child's medical record number. Using patient admission, discharge, and location data for LEP children, we generated weekly reports measuring professional interpretation per patient-day, telephonic interpretation per patient-day, and telephonic interpretation as a percent of total interpretation.
Parent-Reported Language Services and Delays in Care
Parents of hospitalized children were invited to participate in the National Research Corporation Picker Family Experience Survey, completed inperson or by telephone between 24 hours before and 7 days after discharge. The survey is routinely offered to all families being discharged from the hospital, and is self-administered or administered by a research assistant. The Family Experience Survey was developed and validated in adult patients, 33 then adapted for and field-tested with families of hospitalized children. 34 The survey was available in multiple languages and professional interpretation was used to administer the survey when needed. In the survey, caregivers were asked for their preferred language for discussing their child's medical care. If the response was a non-English language, several questions about language services were asked. These questions included whether an interpreter (in-person or telephonic) was always present when discussing medical care (always, usually, sometimes, rarely, or never); how often a family or friend (ad hoc interpreter) was used to interpret (always, usually, sometimes, rarely, or never); and whether care was ever delayed while waiting for an interpreter (yes, no, or don't know).
Analysis
We analyzed temporal changes in interpreter use with segmented linear regression, a method of interrupted time series analysis. 35 Segmented linear regression allowed each time period to have its own intercept (base level) and slope (trend), and then comparisons of differences across time periods were made by testing linear combinations of the regression coefficients. If statistically significant differences in intercepts and slopes existed, individual intercepts and slopes for different time periods were retained. If no differences in intercepts and slopes existed, a more parsimonious model assuming a common intercept and slope was subsequently tested. We constructed
FIGURE 1
Components of the multifaceted QI intervention.
separate segmented linear regression models for each outcome: (1) telephonic interpretations per patientday, (2) overall interpretations per patient-day, and (3) proportion of telephonic interpretation. Weekly averages for each outcome were used in analyses.
For survey data, responses were dichotomized for analysis, with the ideal answer (eg, "always" for having an interpreter present) coded as yes, and all other answers as no.
Responses of "don't know" were dropped from analysis. Percent of families providing this "top-box" response was compiled for each time period (before, during, and after intervention). Changes in parent response over time were evaluated by using x 2 trend analysis for proportions.
Human Subjects Review
The SCH Institutional Review Board reviewed and approved the study.
RESULTS
Interpreter Use
Patients with LEP contributed 10 890, 3981, and 9472 patient-days to the before, during, and after intervention periods, respectively. There were no statistically significant within-period changes in outcomes for any of the 3 models (all slope coefficients between 20.01 and 0.01, and all corresponding P . .1), so we assessed differences in mean values for each time period by using the more parsimonious models without slopes. During the preintervention period, the average number of telephonic interpretations per patient-day was 0.38 (0.33-0.43). There was no significant change during the intervention period (0.04; 95% confidence interval [CI]: 20.06 to 0.14), but there was an increase of 0.2 telephonic interpretations per patient-day during the postintervention period (95% CI: 0.13 to 0.28), representing a 53% increase over baseline (Fig 2) . A similar pattern was seen in overall interpretations per patient-day, representing a 54% increase during the postintervention period in overall interpretation (Fig 3) . The proportion of interpretations delivered by telephone was 0.40 at baseline (95% CI: 0.37 to 0.43). There was a small, borderline-significant increase during the intervention (0.05; 95% CI: 0 to 0.11), but it was not maintained during the follow-up period (0; 95% CI: 20.04 to 0.04).
Parent-Reported Language Services and Delays in Care
Research assistants approached 286 LEP parents before, 149 during, and 290 after the intervention for survey participation. These represent ∼20% of the LEP admissions to medical or surgical units over the study period. Reasons for nonapproach were generally related to research assistant availability, such as weekend or after-hours discharge and staffing limitations, rather than patient or family characteristics. Of those approached, survey responses were obtained from 185 LEP parents before, 117 during, and 203 after the intervention, for survey response rates of 65%, 79%, and 70%, respectively. Compared with baseline, the proportion of LEP caregivers reporting that a professional interpreter was always used for medical communication increased significantly during and after the intervention, from 53.3% to 71.8% and 69.3%, respectively (P trend = .001; Table 1 ). Over the same period, the proportion of families reporting ad hoc interpretation by a friend or family member decreased significantly, as did the proportion of families reporting delays in care due to waiting for an interpreter (Table 1) .
DISCUSSION
In this evaluation of a QI intervention to improve telephonic interpreter use, rates of telephonic and overall interpretation per patient-day increased significantly after the intervention and were sustained. The intervention was associated with fewer caregiver reports of interpreter-related delays in care, decreased use of ad hoc interpreters, and improved consistency of professional interpreter use by health care providers. These significant and sustained improvements in language service use during the care of sick children are likely to decrease risk for errors and improve the communication and comprehension between providers, parents, and patients.
Although the intervention increased rates of telephonic interpretation, we also found increases in overall interpretation. The lack of change in telephonic interpretation as a percent of overall interpretation suggests that in-person interpretation increased at a similar rate during the study period. Our findings suggest that while efforts to encourage substitution of remote for in-person interpretation may not have been effective, efforts to increase awareness of the need for professional interpretation were. The concurrent increase in in-person interpretation may stem from the previously reported finding that many providers prefer in-person over telephonic interpretation, especially for understanding and addressing cultural nuances and nonverbal aspects of communication. 36, 37 And while our intervention was successful, more improvement is still needed, because an average of 1.5 interpretations per patient-day is still below the hospital's minimum goal of 2, and well below the number of times care providers likely enter the room.
The rapid process improvement approach aimed to identify and address multifactorial barriers to telephonic interpreter use, so that isolating the impact of individual element(s) of the intervention was not possible. Multifaceted interventions have generally been found to be more effective than single-item interventions, 38 so ultimately it may not be helpful to isolate the impact of individual components. However, among some outcomes (percent telephonic interpretation, ad hoc interpreter use, and professional interpreter use), the period of greatest change was noted
FIGURE 2
Rate of telephonic interpretation per patient-day over time. Diamonds reveal weekly average rate, and the black line reveals mean rate over each study time period, annotated with segmented linear regression results.
FIGURE 3
Rate of total (in-person and telephonic) interpretation per patient-day over time. Diamonds reveal weekly average rate, and the black line reveals mean rate over each study time period, annotated with segmented linear regression results.
during intervention implementation, with some attenuation of effect in the following year, suggesting that the changes were likely related to the intervention, rather than a secular trend related to other factors.
Few studies have evaluated the impact of QI interventions to improve the use of professional interpretation. The original Speaking Together learning collaborative, a network of 10 hospitals constituting the first national language services QI network (of which SCH was 1), resulted in modest improvements in at least 1 language service process metric per participating hospital, such as screening for preferred language for care. 39 At another institution, installation of standard, dualhandset telephones with easy interpreter access in every hospital room improved provider-reported use of telephone interpretation. 40 These interventions demonstrated improvements in the foundational aspects of providing high-quality language services, namely identifying need and improving access, which are essential first steps.
Our QI intervention and evaluation built upon these successes by demonstrating an approach for improving language service timeliness and use at a hospital with a robust language access program. Unlike previous studies, our evaluation included a full year of pre-and postimplementation data, so our conclusions are unlikely to be attributable to seasonal variation and demonstrate sustained impact over time. Incorporation of language service process and outcome measures strengthened confidence in the results, because the intervention increased the number of interpretations per patient-day, and improved parent-reported experience of language services. According to the Institute of Medicine, high quality care should be timely, patient-centered, and equitable 41 ; this QI intervention succeeded in improving the quality of care delivered to LEP patients and families.
This study had several limitations. This was an uncontrolled study, and the possibility that secular trends or confounding factors accounted for the changes in interpreter use and parent experience cannot be excluded. However, the inclusion of 1 year of pre-and postintervention data decreased the likelihood that findings resulted from seasonal variation or short-lived effects. There were 2 additional changes to care for LEP families during the study time period, but unrelated to the study, that deserve mention. The change in registration question to identify language need that occurred immediately preintervention could have caused the appearance of improved interpretation rates by removing non-LEP families from the denominator. However, if that were the case, we would expect to see an immediate, marked change in rates, rather than the more delayed change we found. In addition, it would not have influenced our parent-reported outcomes, because LEP for those analyses was determined by a survey question. The other change was the rollout of language proficiency testing for providers. Pilot testing was in effect for most of the study, making it unlikely to substantially influence our findings. The program was officially implemented in October 2012. Although interpretation rates were high in October through November 2012, they were not so high as to cause a statistically significant change over time (slope) during the postintervention period, making it unlikely that it influenced our results appreciably. A second limitation is that measurement of electronic orders for in-person interpretation may have under-or overestimated actual use. At times, an order may have been placed that was not filled (eg, no Nepali interpreter available at the requested time), or the ordering provider may have cancelled the request. Alternatively, an in-person interpreter may have been asked to interpret for multiple providers (eg, the nurse and the resident), or may have interpreted for several patients with the same provider without requesting a new order. Providers did not routinely document use of professional interpretation, so it was impossible to validate orders with documented use. However, the relationship between orders and actual interpretations was unlikely to have changed over time, so differences over time are likely accurate. In addition, LEP families completing the survey may not have been representative because of low approach rates, but this lack of representativeness was consistent across all 3 study periods. Finally, this study was conducted at a single institution with a strong preexisting commitment to improving care for LEP patients, which may limit the generalizability of the specific 
CONCLUSIONS
This multifaceted QI intervention, developed by using interdisciplinary stakeholder input and consisting of education, electronic alerts, hospitalwide messaging, and equipment standardization, was associated with improved rates of telephonic interpretation and higher overall use of professional interpretation for hospitalized LEP children and their families. These improvements were accompanied by significantly fewer parent reports of interpretationassociated delays in care, use of ad hoc interpreters, and communication without professional interpretation. Our study demonstrated a successful and replicable approach for improving use of language services.
Improvements in communication between medical providers, patients, and families is at the heart of patientcentered care, and is a key element in ensuring that every child receives safe, timely, and equitable care.
